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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting 
diode, which can prevent water from intruding into the 
diode through a buffer layer and the like which are in an 
amorphous state, and has a long-term reliability. 
SOLUTION: In a light-emitting diode, a buffer layer 401 
consisting of an InGIGaN material, an n-type contact 
layer 102, an n-type clad layer 103, an active layer 104, 
a p-type clad layer 105 and a p-type contact layer 106 
are grown and formed in this order on a sapphire 
substrate 100, a P-type electrode 107 is formed on the 
layer 106, an N-type electrode 108 is formed on the layer 
102 and an insulating film 109 is formed on the whole 
diode excluding one part of each of the electrodes 107 
and 108. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which prepared the buffer 
layer between the insulating substrate and the semiconducting crystal layer especially with respect to the 
semiconductor device constituted by carrying out the laminating of the semiconducting crystal layer on 
an insulating substrate. 
[0002] 

[Description of the Prior Art] In recent years, gallium nitride system compound semiconductors, such as 
GaN, InGaN, and GaAIN; attract attention as an ingredient of blue light emitting devices, such as blue 
LED (light emitting diode) and blue LD (laser diode). 

[0003] As it is in JP,6-177434,A or JP,6-3 14825,A, blue LED which consists of a gallium nitride system 
compound semiconductor formed the insulating protective coat on n mold except an electrode, and p 
mold gallium nitride system compound semiconductor layer, and has prevented the short-circuit 
between surface electrodes. 

[0004] However, also in the structure in which the insulating protective coat was formed on the front 
face, when shelf tests, such as elevated-temperature neglect and heat-and-high-humidity neglect, were 
performed, the property of a component deteriorated and the problem on which a surface electrode 
separates occurred. 

[0005] Moreover, although the surface contact structure where silicon on sapphire was used as a 
translucency substrate is known for blue LED which consists of a gallium nitride system compound 
semiconductor, in this structure, a current does not spread in a barrier layer, but luminescence 
concentrates on the bottom of an up electrode, and high brightness luminescence cannot be realized. In 
order to solve this problem, the structure (JP,6-3 14825,A) which uses as the lower part the structure 
(JP,6-3 14822,A) and pn junction Men who make a upside electrode translucency, and takes out an 
optical output from a translucency substrate is also proposed. 

[0006] However, in a translucency electrode, the thickness which serves as ohmic nature in order to pass 
a current to homogeneity is required, and there is no not necessarily sufficient translucency, and by such 
thickness, further, in order that a bonding pad part may thicken thickness further from the adhesion of 
bonding, light has the fault which cannot be penetrated. On the other hand, also in lower pn two- 
electrodes structure, although high brightness-ization is realizable, since it was surface contact structure, 
a current did not spread in homogeneity but it had the fault in which component resistance increases. 
[0007] 

[Problem(s) to be Solved by the Invention] Thus, conventionally, also in the structure which formed the 
insulating protective coat on the front face in blue LED which consists of a gallium nitride system 
compound semiconductor, when elevated-temperature neglect and heat-and-high-humidity neglect were 
performed, degradation of a component property and the problem of peeling of a transparent electrode 
were caused. When this invention persons repeated research and various experiments wholeheartedly 
about this point, it was presumed for moisture to infiltrate into the interior through the buffer layer of an 
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amorphous condition. 

[0008] It is in offering the semiconductor device which can prevent that moisture permeates through the 
buffer layer of an amorphous condition the place which this invention was made in consideration of the 
above-mentioned situation, and is made into the purpose, and is reliable in it over a long period of time. 
[0009] 

[Means for Solving the Problem] 

(Outline) The following configurations are used for this invention in order to solve the above-mentioned 
technical problem. That is, this invention is characterized by coming to form a protective coat in the end 
face of said buffer layer at least in the semiconductor device with which laminating formation of the 
semi-conductor layer was carried out through the buffer layer on the insulating substrate. 
[0010] This invention is set to semi-conductor luminescence equipments, such as light emitting diode. 
Moreover, an insulating substrate, The buffer layer formed on this substrate, and the semi-conductor 
laminating section which carries out the laminating of two or more semi-conductor layers, is formed on 
this buffer layer, and has pn junction inside, It is characterized by coming to provide the electrode 
formed in contact with the predetermined semi-conductor layer of this semi-conductor laminating 
section, and the protective coat formed in the end face of said buffer layer at least. 
[00 1 1] Here, the following are raised as a desirable embodiment of this invention. 

(1) A semi-conductor layer should consist of an Inx Aly Gal-x-y N (0<=x, y<=l) ingredient. 

(2) A protective coat should consist of an insulating ingredient. 

(3) A protective coat should consist of a metallic material and should function as reflective film. 
(Operation) According to this invention, since the protective coat is formed in the end face of a buffer 
layer, permeation of the moisture which lets a buffer layer pass can be prevented, and it becomes 
possible to realize the semiconductor device which was excellent in dependability by this over a long 
period of time with little aging. Furthermore, it becomes possible by protecting some electrodes to also 
prevent permeation of the moisture from an electrode interface. 

[0012] Moreover, if the reflective film which consists of a metal in the form where a substrate is 
wrapped is formed, all can be taken out, without luminescence by pn junction receiving loss. 
Furthermore, a current can realize breadth and high brightness-ization enough by the barrier layer by 
using a metal membrane as the ohmic electrode of the semi-conductor layer formed in the substrate side. 

[0013] 

[Embodiment of the Invention] Hereafter, the operation gestalt of illustration explains this invention. 
(Operation gestalt 1) Drawing 1 is the component structure section Fig. showing the semi-conductor 
light emitting device concerning the 1st operation gestalt of this invention. 

[0014] 100 in drawing - silicon on sapphire - it is - this silicon-on-sapphire 100 top - Inx2Aly2Gal- 
x2-y2 — the buffer layer 101 which consists of N (0 <=x2, y2 <=1) is formed. On a buffer layer 101, and 
in order n mold contact layer 102 which consists of Inx3Aly3Gal-x3-y3 N, n mold cladding layer 103 
which consists of Inx Aly Gal-x-y N, the barrier layer 104 which consists of InxlAlylGal-xl-yl N, 
and Inx Growth formation of p mold cladding layer 105 which consists of AlyGal-x-y N, and the p 
mold contact layer 106 which consists of Inx3Aly3Gal-x3-y3 N is carried out. 
[0015] Moreover, p mold electrode 107 is formed on p mold contact layer 106, and n mold electrode 
108 is formed on n mold contact layer 102. And the insulator layer 109 which is the description of this 
operation gestalt is formed in the whole except some of p mold electrodes 107 and n mold electrodes 
108. 

[0016] In addition, from the buffer layer 101 to the contact layer 106 was grown up continuously, using 
an organic metal chemical-vapor-deposition method (MOCVD law) as the manufacture approach. Then, 
using the mask of a predetermined pattern, selective etching was carried out until the contact layer 102 
exposed from the contact layer 106 to the cladding layer 103. And the electrode 107,108 was formed in 
each exposed contact layer 106,102 by vacuum evaporationo etc. 

[0017] In the light emitting device of this operation gestalt, since it has protected so that an insulator 
layer 109 may wrap the whole, while being able to stop the moisture which permeates through a buffer 
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layer 101, permeation of the moisture from an electrode interface etc. can be prevented. For this reason, 
improvement in dependability can be aimed at over a long period of time. Moreover, surge pressure- 
proofing improved more than twice. Moreover, in each class, the luminescence reinforcement in a 
barrier layer 104 improves further by setting up the presentation ratios xl, yl, x, and y so that the band 
gap of cladding layers 103 and 105 may become large rather than that of a barrier layer 104. 
[0018] in addition — as the approach of creating an insulator layer - vacuum evaporation technique, the 
ion plating method, the sputtering method, the beam method^ a heat CVD method, a plasma-CVD 
method, an optical CVD method, a laser CVD method, and ECRCVD ~ there are the vacuum creation 
approaches, such as law, an approach of dipping into a solution, and the electrostatic vacuum 
evaporationo approach. A simple substance or plurality is sufficient as the component which protects an 
insulator layer, and it is created from the insulator layer formation process of 1 time or multiple times. 
[0019] An oxide, a nitride, carbide, a fluoride, an inorganic material, an organic material, etc. are used 
that what is necessary is just the ingredient in which conductivity is not shown as an ingredient of an 
insulator layer. For example, GeO, ZnS, Ti02, Ce02, Ta 205, Zr02, SiO, Y2 03, PbF2, MgO, 
aluminum 203, CeF3, LaF3, Si02, BaF2, MgF2, NaF, and Hf02 It is. 

[0020] Moreover, even if a substrate uses ingredients, such as ZnS, GaSe, Sn02, CuAlS2, CuCl, 
CuAlSe2, In 203, and ZnO, it is [ that what is necessary is just the structure of having the semi- 
conductor layer which does not restrict to sapphire and comes to mind a buffer layer on an insulating 
substrate ] possible. Furthermore, although considered as the light emitting device with this operation 
gestalt, it is not necessary to say that there is same effectiveness also by the photo detector. 
(Operation gestalt 2) Drawing 2 is the component structure section Fig. showing the semi-conductor 
light emitting device concerning the 2nd operation gestalt of this invention. 200-209 in drawing 2 
support 100-1 09 in drawing 1 . 

[0021] Although it is the same as that of the 1st operation gestalt fundamentally, with this operation 
gestalt, it is formed so that an insulator layer 209 may wrap not the whole but near the edge of a buffer 
layer 201 . Component degradation was able to be suppressed also in this structure. Since the grid 
mismatching of the sapphire which is an insulating substrate, and the Inx Aly Gal-x-y N layer which 
grows on it is large, a part of buffer layer 201 becomes amorphous [-like ], crystallinity is bad and 
moisture etc. is easily incorporated in a light emitting device. For this reason, although rapid degradation 
was carried out in actuation of heat and high humidity etc., by making it the structure of this operation 
gestalt, degradation is suppressed and dependability came to be acquired over a long period of time. 
[0022] In addition, the ingredient of the creation approach of an insulator layer or an insulator layer etc. 
can be suitably changed, as the 1st operation gestalt explained. Furthermore, various kinds of 
deformation implementation is possible like the 1st operation gestalt. 

(Operation gestalt 3) Drawing 3 is the component structure section Fig. showing the very high speed 
device HEMT concerning the 3rd operation gestalt of this invention. 

[0023] With this operation gestalt, the buffer layer 302 which consists of Inx2Aly2Gal-x2-y2 N (0 
<=x2, y2 <=1) is formed on silicon on sapphire 301. Growth formation of the i mold cap layer 304 
which becomes order from n mold conductive layer 303 and Inx Aly Gal-x-y N (0<=x, y<=l) which 
consist of Inxl AlylGal-xl-yl N (0 <=xl, yl <=1) on the buffer layer 302 is carried out. 305,306 and 
307 are a drain electrode, a gate electrode, and a source electrode, respectively. The insulator layer 308 
has the structure of protecting the whole component so that a buffer layer 302 may be wrapped. 
[0024] In this component, it decreased, frequency characteristics have been improved and dependability 
of a leak current component improved further. A substrate is not limited to sapphire and has the same 
effectiveness also with insulating substrates, such as ZnO and MgO. 

(Operation gestalt 4) Drawing 4 is the component structure section Fig. showing MESFET concerning 
the 4th operation gestalt of this invention. 

[0025] With this operation gestalt, the buffer layer 402 which consists of Inx2Aly2Gal-x2-y2 N (0 
<=x2, y2 <=1) is formed on silicon on sapphire 401, and n mold barrier layer 403 which consists of Inx 
Aly Gal-x-y N (0<=x, y<=l) is formed on the buffer layer 402. 408 is the high carrier concentration 
layer created by the ion implantation etc. Furthermore, the source electrode 406, the gate electrode 405, 
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and the drain electrode 404 are formed on n mold barrier layer 403, and it is protected by the insulator 
layer 407 so that a component may be wrapped. This insulator layer 407 is also good to surround a 
buffer layer 402. 

[0026] By making it such structure, the noise component was reduced and dependability improved. In 
addition, a substrate may not be limited to sapphire and ingredients, such as ZnO and MgO, are 
sufficient as it. 

(Operation gestalt 5) Drawing 5 is the component structure section Fig. showing SOI-MOSFET 
concerning the 5th operation gestalt of this invention. 

[0027] With this operation gestalt, the buffer layer 502 which consists of an amorphous silicon is formed 
on the quartz-glass substrate 501, the n-type-semi conductor field 503 and the p type semiconductor field 
504 which consist of Si are formed on the buffer layer 502, and it is Si02 as gate dielectric film on the p 
type semiconductor field 504. The gate electrode 507 is formed through the film 505. Furthermore, 
across the p type semiconductor field 504, on the n-type-semi conductor field 503, the source electrode 
508 and the drain electrode 506 are formed, and the insulator layer 509 is formed so that the whole 
component may be wrapped except for these electrodes. This insulator layer 509 is also good to 
surround a buffer layer 502. 

[0028] By making it such structure, leakage current decreased, pressure-proofing also improved and 
dependability improved further. In addition, a substrate may not be limited to quartz glass and 
ingredients, such as ZnO, MgO, and sapphire, are sufficient as it. Furthermore, the semi-conductor layer 
on an insulating substrate is an III-VI group semi-conductor and I-III-VI2, if it is the ingredient which 
can be formed on an amorphous-like buffer layer in short, without limiting to the semi-conductor of IV 
group, V group, or an III-V group. Even if it is a group semi-conductor, there is the same effectiveness. 
(Operation gestalt 6) Drawing 6 is the process sectional view showing the manufacture approach of the 
semiconductor device concerning the 6th operation gestalt of this invention. 

[0029] first, as shown in drawing 6 (a), the semiconductor device which covered the electrode section is 
created and it is further shown in drawing 6 (b) - as - a part - the semiconductor device which coated 
the insulating material is created, and as further shown in drawing 6 (c), the semiconductor device which 
coated the remaining part with the insulating material is reproduced. If lift off of the mask which 
covered the electrode section is finally carried out as shown in drawing 6 (d), it will become the 
component of this operation gestalt. 

[0030] The semiconductor device of drawing 6 is the schematic drawing explaining the production 
approach. 610 Silicon on sapphire, The buffer layer which 61 1 becomes from Inxl AlylGal-xl-y 1 N (0 
<=xl, yl <=1), The contact layer which 612 becomes from n mold Inx Aly Gal-x-y N (0<=x, y<=l), As 
for p mold electrode and 617, the contact layer which n mold electrode becomes in 613 and n mold 
electrode covering and 615 become from p mold Inx Aly Gal-x-y N (0<=x, y<=l) in 614, and 616 are 
[ p mold electrode covering and 618,619,620 ] insulator layers. It is producible in a simple process using 
electrode covering. 

(Operation gestalt 7) Dr a win g 7 is the component structure section Fig. showing the semi-conductor 
light emitting device concerning the 7th operation gestalt of this invention. 

[003 1] With this operation gestalt, the b.uffer layer 701 which consists of Inx Aly Gal-x-y N (0<=x, 
y<=l) is formed on silicon on sapphire 700. On the buffer layer 701, in order n mold contact layer 702 
which consists of Inx Aly Gal-x-y N, n mold cladding layer 703 which consists of Inx Aly Gal-x-y N, 
the barrier layer 704 which consists of Inxl AlylGal-xl-yl N, and Inx Aly p mold cladding layer 705 
which consists of Gal-x-y N, and p mold contact layer 706 which consists of Inx Aly Gal-x-y N are 
formed. Furthermore, p mold electrode 707 is formed on p mold contact layer 706, and the protective 
coat (n mold electrode) 708 which consists of a metal so that the part and silicon on sapphire 700 of n 
mold contact layer 702 may be wrapped is formed. 

[0032] In the light emitting device of this operation gestalt, when it lets n mold and p mold electrode 
707,708 pass and a current is supplied, the current from p mold electrode 707 to n mold electrode 708 
spreads, a barrier layer 704 can emit light to homogeneity, further, it is reflected by n mold electrode 
708 formed so that silicon on sapphire 701 might be wrapped, and luminescence by the barrier layer 704 
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can take out efficiently outside. Moreover, even if n mold electrode 708 is formed in the insulating- 
substrate side face and the semi-conductor layer on it at least, it has the same effectiveness. Moreover, 
with this operation gestalt, since the end face of a buffer layer 701 is protected with an electrode 708, 
degradation can be prevented. 

[0033] In addition, a substrate is not restricted to sapphire, and if it is the insulating ingredient of the 
transparency of MgO, ZnO, quartz glass, etc., it is effective enough. Furthermore, it is not limited to the 
above-mentioned operation gestalt, but a n-type-semiconductor layer and a p type semiconductor layer 
are III. Even if it is a group and V group pan from the atom of EI group and VI group, there is same 
effectiveness. Moreover, there is no need [ of being not necessarily at the core also about a location ] 
bundle, and it is also possible to carry out eccentricity. 

[0034] Drawing 8 shows the plan of the 7th operation gestalt. In drawing 8 , the number in drawing 
supports drawing_7 , respectively. If one [ a light-emitting part and ] electrode 707 is formed inside 
[ which wraps a substrate ] the reflective film, an arbitration change of this configuration can be made, 
for example, it has the same effectiveness also in a triangle, a rectangle, a polygon, circular, and an 
ellipse form. 

[0035] Drawing 9 is the sectional view which mounted the component 710 of the 7th operation gestalt. 
Mounting by one bonding wire 71 1 is possible from two bonding wires which used the conventional 
insulating substrate. 712,713 is lead wire. Furthermore, although the reflecting plate was formed and the 
light which comes out from a substrate side face was reflected in the former, by use the component of 
this operation gestalt, the reflecting plate could were unnecessary, the lens design by resin mold can be 
design now regardless of a chip size mounting of a up to [ monotonous ] was not only attained, but, and 
the component of low cost can be realize. 

[0036] Drawing 10 shows the example of the' electrode pattern in this operation gestalt. Various 
electrode patterns can deform and raise the effectiveness of this invention. LOGOs, such as a figure and 
an alphabetic character, are sufficient. The location of an electrode is seen from a top face and the 
electrode of another side should just be constituted inside the electrode used as the reflective film. 
(Operation gestalt 8) Drawing 1 1 is the perspective view showing the component structure of the 
semiconductor laser concerning the 8th operation gestalt of this invention. 

[0037] With this operation gestalt, the buffer layer 801 which consists of Int Alw Gal-t-w N (0<=t, 
w<=l) is formed on silicon on sapphire 800. On the buffer layer 801, in order n mold cladding layer 803 
which consists of an n mold contact layer 802 which consists of InxlAlylGal-xl-yl N (0 <=xl, yl 
<=1), and Inx2Aly2Gal-x2-y2 N (0 <=x2, y2 <=1), and Inx3Aly3Gal-x3-y3 N 0 <=x3 - the barrier 
layer 804 which consists of y3 <=1, and Inx4Aly4Gal-x4-y4 N (0 <=x4 --) p mold cladding layer 805 
which consists of y4 <=1, and Inx5Aly5Gal-x5-y5 N (0 <=x5 — ) p mold contact layer 807 which turns 
into n mold or i mold current block layer 806 which consists of y5 <=1 from Inx6Aly6Gal-x6-y6 N (0 
<=x6, y6 <=1) is formed. Furthermore, p mold electrode 808 is formed on p mold contact layer 807, and 
n mold electrode 810 which functions as reflective film is formed so that the part and silicon on sapphire 
800 of n mold contact layer 802 may be surrounded. 

[0038] In the semiconductor laser of this operation gestalt, when a current is supplied through n mold 
and p mold electrode, in order for a current to concentrate and to flow through the current narrow 
segment 809, the increment in the gain in a barrier layer 804 can be performed easily, and laser 
oscillation becomes possible. Moreover, in order that it may be reflected through the reflective film 810 
and the light by which a guided wave is not carried out may contribute to the increment in gain again, 
there are few oscillation threshold currents and it ends. Moreover, even if it coats a laser end face with 
the high reflective film, there is effectiveness of this invention. Furthermore, even if it attaches the 
reflective film all over right and left approximately, it is not necessary to say that there is same 
effectiveness. 

[0039] If the substrate used for this operation gestalt is an insulating substrate, anything, it may be good 
and MgO, ZnO, quartz glass, etc. are sufficient as it. Furthermore, the semiconductor material used as 
laser is an III-V group, an II- VI group, and I-III-VL2. There are a group and effectiveness still better [ an 
organic material ] and same. Moreover, laser structure can be enough oscillated not only with an end- 
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face reflective mold but with structure without a surface-emitting type and an end face. Undoping is 
sufficient as a barrier layer, luminous efficiency improves by making it n mold and p mold, and a 
threshold current decreases sharply. 

[0040] In reflective membrane electrode production of a component, the approach of soaking in a lot of 
indium pewters, crawling, and using a riser may be used. This approach is realizable by making an 
electrode material into the shape of a paste. Moreover, there are approaches, such as vacuum 
evaporationo which used formation of the ingredient by resistance heating and an electron beam as the 
vacuum deposition approach. Furthermore, formation of the precise film using static electricity is also 
possible. Moreover, as an electrode material, Mg, Be, Sb, aluminum, Ag, Sn, Cu, nickel, Au, Pd, Pt, Ti, 
Cr, In, PdSi, PtSi, RhSi, NiSi, WSi and TaSi2, Mo, Zr, a silver paste, etc. are good, and the effectiveness 
of the same is said'of the metal including adhesion. In addition, this invention is not limited to each 
operation gestalt mentioned above, it is the range which does not deviate from the summary, and can 
deform variously and can be carried out. 
[0041] 

[Effect of the Invention] Since the end face of a buffer layer is protected by the protective coat at least 
according to this invention as explained in full detail above, it can prevent that moisture permeates 
through a buffer layer, and it becomes possible to realize the semiconductor device which is reliable 
over a long period of time. Moreover, when it applies to a light emitting device and a protective coat is 
made into a metal membrane, luminescence by the barrier layer can be taken out efficiently and optical 
ejection effectiveness can be raised. 



[Translation done.] 
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